Abstract. The effect of using Na 2 HPO 4 solution as mixing liquid in the physicochemical and mechanical properties of calcium aluminate cement (CAC), with a view to a possible reinforcement additive of conventional α-TCP-based CPC was studied. The results showed that the degree of the hydration reaction of CaAl 2 O 4 (CA) increased when Na 2 HPO 4 solution was used as mixing liquid. The porosity of cement was also lower (37.9 ± 1.3 %) than for H 2 O (33.2 ± 3.6 %). The values of compressive strength for cements prepared with both mixing liquids were lower than 3 MPa due to the excessive L/P ratio employed and large porosity. After immersion in SBF, only the Al(OH) 3 hydrate is observed and no other crystalline hydrated calcium aluminate nor calcium phosphate was formed in any of the cements. Both cements released Ca ions to, and removed P ions from SBF, being this effect more remarkable when Na 2 HPO 4 was used. As for other CAC, no Al was released to the SBF and no potential toxicity due to this ion should be expected.
Introduction
Calcium aluminate cements (CAC) have been widely used in refractory industry for high temperature processes due to their high temperature durability. Others applications of this material, based on its ability for shrinkage compensation, good abrasion strength and fast setting and hardening properties, includes floor leveling and sewage networks [1] . During the late 1990s, CAC were proposed as dental restorative material as an alternative to amalgam by the Swedish company Doxa Certex AB [2] , and nowadays the use of CAC is extended to some orthopedics applications [3] [4] and have potential use as filler and strengthening material e.g., in vertebroplasty [5] . The main active phase in these materials is CaAl 2 O 4 (CA), which by mixing with water transforms during setting into various hydrated species. The nature and abundance of each hydrated species depend on the temperature and ageing time among others [6] .
On the other hand, calcium phosphate cements (CPC) are widely used as bone repairing and substituting materials in many dental and orthopedic applications due to their excellent biocompatibility, osteoconductivity and osteotransductivity [7] . Particularly, α-TCP-based CPC, when mixed with aqueous Na 2 HPO 4 solution, set as the result of the dissolution of α-TCP particles and the precipitation of an entanglement of calcium deficient hydroxiapatite (CDHA) crystals [8] . For these materials, the low mechanical strength, especially short term, is their main limitation and controlled addition of CAC could be effective to increase the short and long term strength of them. Thus the aim of this work was to study the effect of using Na 2 HPO 4 solution as mixing liquid for CAC cement, with a view to a possible reinforcement additive of conventional α-TCP-based CPC.
Materials and Methods
Methods. CA was synthesized through Pechini technique [9] and wet (isopropyl alcohol) ball milled to an average particle size of 7.0 µm. CAC cements were obtained by mixing CA powder and liquid in a ratio of 1.5 mL/g. Lower P/L mixing ratios were not enough to yield normal consistency pastes. Pure distilled-deionized water and 2.5 wt./vol. % Na 2 HPO 4 aqueous solution were used as mixing liquids. In vitro bioactivity study was carry out in simulated body fluid (SBF) [10] at 36.5°C using a ratio volume/area of 0.1 cm 3 /mm 2 . Characterization techniques. The release profiles of calcium, phosphorus and aluminum ions in SBF were determined by inductively coupled plasma spectrometry (ICP). Apparent density and porosity were determined by Archimedes method. Mineralogical composition of samples was determined by X-Ray Diffraction (XRD) and microstructure was examined by Scanning Electron Microscopy (SEM). Compressive strength (CS) was measured in servohydraulic Universal Testing Machine (MTS 810) with a load measuring cell of 10 kN.
Results and Discussion
The results of the X-ray diffraction study (Fig. 1) showed that the degree of the CA hydration reaction increased when Na 2 HPO 4 solution was used as mixing liquid with regard to the cement mixed with H 2 O.
After mixing at 20°C, both experimental pastes set and characteristic X-ray diffraction peaks of CaAl 2 O 4 .10H 2 O (CAH 10 ) and Al(OH) 3 (AH 3 ) appeared at expenses of the peaks of CA (Eq. 1), however, some residual CA remained in both set cements. After immersion in SBF, the intensity of the peaks of CAH 10 diminished and no other crystalline hydrated calcium aluminate or calcium phosphate was formed in any of the cements, as already reported for similar CAC. Furthermore, the stable hydrate Ca 3 Al 2 .6H 2 O (CAH 6 ) was not detected by X-ray diffraction before neither after immersion in SBF as previously reported [12] . The absence of the characteristic diffraction peaks of this hydrates suggested that if there, they are very amorphous.
Porosity, density and compressive strength of both cements before and after immersion in SBF are displayed in Table 1 . The porosity was lower for cements prepared with Na 2 HPO 4 solution than for those prepared with H 2 O, probably due to the higher conversion and did not change by immersion in SBF. On the other hand, CAH samples increased their porosity by the dissolution of CAH 10 and the rise in density could be owed to the formation of CAH 6 (2.52 g/cm 3 ) and a change in the crystallinity of AH 3 [6] .
Compressive strengths for cements prepared with both mixing liquids were lower than 3.5 MPa due to the excessive L/P ratio employed and large porosity. L/P ratio must be reduced to 0.4 to 0.5 mL/g to match ratios of CAC employed in building and refractory concretes. In order to accomplish this, particle size and distribution of the powder must be optimized. Fig. 2 shows Ca and P ions release profiles in SBF at 36.5°C. Both cements released Ca ions and removed P ions from SBF. This effect was more remarkable when Na 2 HPO 4 was used and the differences can be attributable to the buffering action of Na 2 HPO 4 that avoid an elevation of pH of the solution and the reduction of concentration of Ca ions. No Al ions were detected on the SBF solution and no potential toxicity due to this ion should be expected. These profiles are in correspondence with the possible formation of a superficial layer of CDHA on the material, however no evidences were found by XRD and SEM.
SEM micrographs of surface and fracture surfaces (Fig. 3) showed a few differences before and after immersion for 2 weeks in SBF. The morphology of the different hydrates could not be identified, although it is possible to observe the presence of a gel of AH 3 at the surface of the cements before immersion. No apatite layer formed in physiological conditions was found at the surface of cements, however in the CAN samples we could find the incipient nucleation of some like-apatite crystals. Table 1 . Geometric density, apparent porosity and compressive strength of cements before and after immersion in SBF.
Conclusions
The presence of Na 2 HPO 4 in the mixing liquid increased the degree of hydration reaction of CA cement and reduced the porosity of the material. However, the large L/P employed yielded CAC with poor strength and high porosity. No in vitro bioactivity in SBF was observed for any of the experimental cements. No toxic effects caused by aluminum release must be expected from any of the experimental cements. CAC could be an affective additive for improving strength of CPC. 
